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(57) ABSTRACT

The mvention relates to a surgical protective device for a
surgical sealing element of a surgical sealing system com-
prising a trocar sleeve, the surgical sealing element having
an expandable insertion opening. Said protective device
comprises a ring-shaped or substantially ring-shaped main
body adapted to be arranged on the trocar sleeve, on a part
thereol or on the sealing element and defines a through-
opening with a plurality of protective elements arranged 1n
the circumierential direction and extending parallel to or
pointing towards a longitudinal axis of the protective device.
Each of the protective elements 1s configured asymmetri-
cally 1n relation to a plane containing a longitudinal axis
defined by the main body.

19 Claims, 8 Drawing Sheets
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SURGICAL PROTECTIVE DEVICE FOR A
SURGICAL SEALING ELEMENT AND
SURGICAL SEALING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of international appli-
cation number PCT/EP2013/069247 filed on Sep. 17, 2013
and claims the benefit of German application number 10
2012 108 809.8 filed on Sep. 19, 2012, which are incorpo-
rated herein by reference in their entirety and for all pur-
poses.

FIELD OF THE INVENTION

The present invention relates to surgical protective
devices for surgical sealing elements of surgical sealing
systems generally, and more specifically to a surgical pro-
tective device for a surgical sealing element of a surgical
sealing system comprising a trocar sleeve, the surgical
sealing element having an expandable msertion opening, the
protective device having a ring-shaped or substantially ring-
shaped main body adapted to be arranged on the trocar
sleeve, on a part thereof or on the sealing element and
defining a through-opening with a plurality of protective
clements arranged 1n the circumierential direction and
extending parallel to or pointing towards a longitudinal axis
of the protective device.

The mvention also relates to surgical sealing systems
generally, and more specifically to a surgical sealing system
comprising a trocar sleeve, a surgical sealing element held
on the trocar sleeve or on a part thereof and having an
expandable 1nsertion opening, for sealing the insertion open-
ing when inserting a surgical instrument, and a surgical
protective device for the sealing element.

BACKGROUND OF THE INVENTION

A surgical protective device and a surgical sealing system
are known, for example, from DE 20 2008 009 527 Ul. The
protective device serves to prevent damage to the sealing
clement of the sealing system when nserting surgical instru-
ments or an obturator for closing the trocar sleeve. Both
manufacture and positioning of the protective device on or
in the seal present a problem in that with all protective
devices comprising a plurality of protective elements, these
have to be arranged so as to overlap in order that the
protective device can be brought into contact with an inner
side of the sealing element.

SUMMARY OF THE INVENTION

In a first aspect of the mvention, a surgical protective
device for a surgical sealing element of a surgical sealing
system comprising a trocar sleeve, the surgical sealing
clement having an expandable 1nsertion opening. Said pro-
tective device comprises a ring-shaped or substantially ring-
shaped main body adapted to be arranged on the trocar
sleeve, on a part thereof or on the sealing element and
defines a through-opening with a plurality of protective
clements arranged in the circumierential direction and
extending parallel to or pointing towards a longitudinal axis
ol the protective device. Each of the protective elements 1s
configured asymmetrically 1n relation to a plane containing
a longitudinal axis defined by the main body.
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In a second aspect of the invention, a surgical sealing
system comprises a trocar sleeve, a surgical sealing element
held on the trocar sleeve or on a part thereot and having an
expandable 1nsertion opening, for sealing the imsertion open-
ing when 1nserting a surgical imstrument, and a surgical
protective device for the sealing element. Said protective
device comprises a ring-shaped or substantially ring-shaped
main body adapted to be arranged on the trocar sleeve, on a
part thereof or on the sealing element and defines a through-
opening with a plurality of protective elements arranged 1n
the circumierential direction and extending parallel to or
pointing towards a longitudinal axis of the protective device.
Each of the protective elements 1s configured asymmetri-
cally in relation to a plane containing a longitudinal axis
defined by the main body.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

The foregoing summary and the following description
may be better understood in conjunction with the drawing
figures, of which:

FIG. 1 shows a perspective overall view of a surgical
sealing system comprising a trocar sleeve;

FIG. 2A shows a side view of a surgical protective device
in an 1nitial position after manufacture;

FIG. 2B shows a view of the protective device assuming
the 1itial position 1n the direction of arrow A 1n FIG. 2A;

FIG. 2C shows a perspective view of the protective device
assuming the imtial position in FIG. 2A in the iitial
position;

FIG. 3A shows a side view of a surgical protective device
in a protective position;

FIG. 3B shows a view of the protective device assuming,
the protective position in the direction of arrow B 1n FIG.
3A;

FIG. 3C shows a perspective view of the protective device
from FIG. 2A assuming the protective position;

FIG. 4 shows a longitudinal sectional view of a sealing
unit with sealing element retainer, sealing element, protec-
tive device and closing valve inserted in the trocar sleeve
from FIG. 1;

FIG. 5 shows a sectional view along line 5-5 in FIG. 4;
and

FIG. 6 shows a sectional view 1n analogy with FIG. 4
when 1nserting an obturator of the sealing system.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Although the imnvention 1s illustrated and described herein
with reference to specific embodiments, the invention 1s not
intended to be limited to the details shown. Rather, various
modifications may be made 1n the details within the scope
and range of equivalents of the claims and without departing
from the 1vention.

The present invention relates to a surgical protective
device for a surgical sealing element of a surgical sealing
system comprising a trocar sleeve, the surgical sealing
clement having an expandable insertion opening, said pro-
tective device comprising a ring-shaped or substantially
ring-shaped main body adapted to be arranged on the trocar
sleeve, on a part thereof or on the sealing element and
defining a through-opening with a plurality of protective
clements arranged in the circumierential direction and
extending parallel to or pointing towards a longitudinal axis
of the protective device, wherein each of the protective
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clements 1s configured asymmetrically 1n relation to a plane
containing a longitudinal axis defined by the main body.

On the one hand, the asymmetrical configuration of the
protective elements ensures, in particular, that the sealing
clement 1s securely covered and, on the other hand, 1n
particular, also prevents the creation of an unnecessarily
high or thick package of material due to several overlap-
pings. The positioning of the protective elements on top of
cach other for overlapping purposes 1s, in particular, also
simplified by the asymmetrical shape of the protective
clements.

The protective device 1s particularly easy and safe to
handle when the main body 1s configured substantially in the
form of a ring-shaped sleeve. The sleeve can then define, for
example, a maximum 1nner diameter which can be sealed by
the sealing element. In other words, no istruments having
a larger outer diameter than the mner diameter of the main
body can be inserted through the sealing system.

A particularly simple and safe overlapping of the protec-
tive elements can be achieved, in particular, by the protec-
tive elements being slightly convexly curved facing away
from the longitudinal axis. In particular, a curvature of the
protective elements can correspond to a curvature of a wall
of the sleeve defining the main body.

The protective elements expediently have first ends which
are arranged on the main body. In particular, second or ree
ends of the protective elements can then be freely moved
relative to the main body. The protective elements are
preferably arranged on an edge surface of the main body that
faces 1 the distal direction. In this way, a particularly
compact construction ol the protective device can be pro-
duced.

To achieve maximum movability of the protective ele-
ments relative to the main body, it 1s advantageous for the
first ends of the protective elements not to overlap.

It 1s expedient for the first ends of the protective elements
to be spaced from one another. Movability of the protective
clements relative to the main body can thereby be increased.

A spacing between the first ends of adjacent protective
clements preferably corresponds at least to a thickness of the
protective elements and/or of the main body. With such a
spacing of the first ends of adjacent protective elements from
one another it can be ensured that as great movability as
possible, 1 particular, a swiveling capability, of the protec-
tive elements 1n the direction towards the longitudinal axis
1s possible.

The first ends of the protective elements expediently
define a circular arc segment. In particular, they can, there-
fore, be formed directly as an extension of a wall of the
sleeve.

It 1s advantageous for the first ends of the protective
clements to be arranged concentrically with the longitudinal
axis. In particular, this allows the sleeve-shaped main body
of the protective device to be extended by the protective
elements, as 1t were, 1n the distal direction.

Manufacture of the protective device 1s simplified 11, 1n an
initial position after manufacture, the protective elements
project 1n the radial direction facing away from the longi-
tudinal axis over the edge surface facing in the distal
direction. In particular, the protective device can be con-
structed such that the protective elements do not overlap 1n
the imtial position. The protective device can then be
produced, for example, 1n the desired way and in a defined
manner from a plastic material by mjection molding.

To enable optimum positioning of the protective elements
on the sealing element to be protected, 1t 1s advantageous for
the protective elements to be formed 1n the shape of lamellas
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4

having a thickness corresponding at the most to a thickness
of the sleeve defining the main body.

Both the construction and the manufacture of the protec-
tive device can be further simplified, in particular, by all of
the protective elements being identically constructed.

In accordance with a further preferred embodiment of the
invention, 1t may be provided that each protective element
has two edges extending away from the first end, that the one
edge 1s convexly curved facing away from the protective
clement, and that the other edge 1s concavely curved facing
away Irom the protective element. In this way, 1t 1s possible
to construct 1n a defined manner asymmetrical protective
clements which enable optimized overlapping 1n compari-
son with the state of the art, more particularly, irrespective
of how far the sealing element 1s open 1n dependence upon
a diameter of an inserted nstrument.

In principle, it 1s conceivable to arrange or form adjacent
protective elements mirror-symmetrically in relation to a
plane containing the longitudinal axis. It 1s, however, advan-
tageous for the convexly curved edges of the protective
clements, 1n the 1mitial position, to face towards the con-
cavely curved edges of directly adjacent protective ele-
ments. In this way, i particular, a spacing between the
convexly and concavely curved edges of adjacent protective
clements can be minimized, more particularly, already 1n the
initial position. In particular, an overlapping of adjacent
protective elements can also be thereby optimized, for
example, also with the effect that a multiple overlapping of
protective elements, 1.e., more than two overlapping protec-
tive elements, 1s avoided. In particular, this means that a
radial beam emanating from the longitudinal axis never
penetrates more than, for example, two protective elements.

As mentioned above, for the manufacture of the protec-
tive device 1t 1s advantageous for the protective elements not
to overlap 1n the initial position.

It 1s expedient for the protective elements to have a
second, 1n particular, free, end facing away from the main
body. In particular, this configuration makes a movability
possible, which 1s required for use of the protective device.

The second end advantageously extends between the
edges extending away from the first end. The second end of
the protective elements, therefore, lies, in particular, sub-
stantially opposite the first end. The convexly and concavely
curved edges of the protective elements, therefore, form
lateral delimitations.

It 1s expedient for the second end to define an end edge
surface essentially having a slightly convexly curved basic
shape facing away from the main body, and for the end edge
surface to have a concavely curved edge section facing away
from the main body. In particular, this configuration has the
advantage that the concavely curved edge section can face
the longitudinal axis when the protective elements are
swiveled 1n the direction towards the longitudinal axis, so
that the concavely curved edge sections of all protective
clements can together form a substantially circular opening
of the protective device, which then surrounds the longitu-
dinal axis.

A width of the protective elements parallel to a plane
containing the first ends preferably increases from the first
end 1n the direction towards the second end. In particular,
irrespective of a position of the protective elements, 1.¢., 1n
particular, irrespective ol a swiveling of the protective
clements relative to the main body towards the longitudinal
axis, a defined overlapping can thereby be achieved, 1n order
to always safely protect the sealing element of the sealing
system. In particular, this configuration has the advantage
that safe overlapping and, therefore, protection of the sealing
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clement are also ensured when instruments with a very large
diameter are inserted through the sealing system.

In principle, 1t 1s conceivable for the width of the protec-
tive elements to increase right up to the second end. It 1s,
however, advantageous for the width of the protective 5
clements to have a maximum between the first end and the
end edge surface. Such a configuration enables, 1n particular,

a shape of the protective elements to be created, which
irrespective of a swivel position of the protective elements
relative to the main body always ensures only an overlap- 10
ping of adjacent protective elements.

The overlapping may, 1n particular, be further optimized
by the maximum of the width of the protective elements
being closer to the second end than to the first end of the
protective e¢lements. In particular, also with very large 15
instrument diameters, an overlapping and, therefore, a pro-
tection of the sealing element can thereby be guaranteed.

To achieve optimal movability between the protective
clements and the main body, it 1s expedient for the protective
clements to be connected or coupled 1n an area of transition 20
to the main body 1n an articulated and/or hinge-like manner
to the main body.

The protective device 1s particularly easy to manufacture
when the protective elements and the main body are con-
nected to one another by a film hinge. In particular, the 25
protective device can then also be constructed in one piece.

The protective elements are preferably adapted to be
swiveled from the 1nitial position to a protective position 1n
the direction towards the longitudinal axis. In particular, a
defined movability between the protective elements and the 30
main body can thereby be enabled.

Adjacent protective elements expediently overlap par-
tially 1n a protective position. Protection of the sealing
clement can thereby be ensured irrespective of a swiveled
position of the protective elements 1n the direction towards 35
the longitudinal axis. In particular, the protective elements
can point 1n the direction towards the longitudinal axis 1n the
protective position. However, 1n the protective position, the
protective elements can, 1n particular, define different swivel
angles between them and the main body, the swivel angle 40
depending upon a diameter of the instrument 1nserted nto
the sealing system and upon a direction of 1nsertion thereof
in relation to the longitudinal axis of the sealing system.

In accordance with a further preferred embodiment of the
invention, it may be provided that the protective elements, 1n 45
the protective position, define at the most a joint maximum
inner diameter corresponding to an mner diameter of the
main body. In this way, it can be ensured that also when
iserting nstruments with an outer diameter corresponding
substantially to the inner diameter of the main body, the 50
sealing element 1s still completely or substantially com-
pletely protected by the protective elements of the protective
device.

Furthermore, 1t 1s advantageous for the protective ele-
ments, 1n the protective position, to define a minimal mner 55
diameter when they overlap to the maximum extent, and for
the concavely curved edge sections of the end edge surfaces
to then be aligned concentrically or substantially concentri-
cally with the longitudinal axis and to be maximally close
thereto. The protective eclements, therefore, define 1 a 60
maximally overlapping protective position an opemng
delimited by the concavely curved edge sections of the end
edge surfaces, which then preferably defines an imnner diam-
eter corresponding to a smallest inner diameter of the sealing
clement. The sealing element 1n the unexpanded state, 1.e., 65
without an instrument inserted into the sealing system, 1s,
therefore, protected to the maximum extent.

6

To avoid unnecessarily high packages of material when
the protective device 1s in use, it 1s expedient for the
protective elements, 1 the protective position, irrespective
of which mner diameter they define with their second ends,
to only overlap to such an extent that solely adjacent
protective elements lie on top of each other. In this way, in
particular, a triple overlapping of protective elements and an
overlapping of even more protective elements can be
avoided.

An opening defined by the second ends of the protective
clements can, in particular, be opened with particularly low
force expenditure when the concavely curved edge of the
protective elements covers the convexly curved edge on an
outer side of the directly adjacent protective element that
faces away from the longitudinal axis or vice versa. In other
words, for example, the concavely curved edge of a protec-
tive element can abut on the inside or the outside on the
adjacent protective element. This condition has to be ful-
filled to an equal extent for all protective elements of the
protective device. Furthermore, if the protective elements
optionally have a ({fiction-reducing outer surface, {for
example, owing to application of a corresponding coating,
opening and closing of the protective device can then be
turther facilitated.

For attaching the protective device to the sealing system,
it 1s advantageous for 1t to have a connecting device arranged
on the main body for connecting the protective device to the
surgical sealing element or to the surgical sealing system. In
other words, the protective device can be connected, 1n
particular, directly to the sealing element and via the latter
indirectly to a sealing element retainer of the sealing system,
for example, 1n a permanently undetachable or only tempo-
rary manner.

A particularly simple coupling of the protective device to
the sealing element or to the sealing system can, 1n particu-
lar, be achieved by the connecting device comprising at least
one connecting element projecting in the radial direction
from the main body.

To enable as stable and defined a connection as possible
to be established between the protective device and the
sealing element or the sealing system, 1t 1s expedient for a
plurality of connecting elements spaced from one another in
the circumierential direction to be provided.

The connecting elements are advantageously arranged so
as to be uniformly distributed over the circumierence of the
main body. Forces acting upon the protective device can
then be umiformly transmitted to the sealing element or the
sealing system.

Furthermore, it may be expedient for the protective ele-
ments to have a constant thickness along their extent and/or
to be of inherently flexible construction. They are then able
to abut, in particular, also over a large area, on an 1nner side
of the sealing element of the sealing system.

Manufacture of the protective device 1s significantly sim-
plified when 1t 1s of one-piece construction. The need for the
protective elements to be individually connected to the main
body can then be eliminated.

To enable use of the protective device 1n a sterile space,
it 15 expedient for the protective device to be produced from
a sterilizable material.

The protective device 1s expediently produced from a
plastic material. The protective device can be easily pro-
duced from a plastic material, 1n particular, by 1njection
molding. It 1s advantageous for the plastic material to
preferably be a thermoplastic matenal.

The present invention further relates to a surgical sealing
system comprising a trocar sleeve, a surgical sealing element
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held on the trocar sleeve or on a part thereof and having an
expandable 1nsertion opening, for sealing the insertion open-
ing when inserting a surgical instrument, and a surgical
protective device for the sealing element, wherein the pro-
tective device comprises a ring-shaped or substantially ring-
shaped main body adapted to be arranged on the trocar
sleeve, on a part thereof or on the sealing element and
defines a through-opening with a plurality of protective
clements arranged in the circumierential direction and
extending parallel to or pointing towards a longitudinal axis
of the protective device, wherein each of the protective
clements 1s configured asymmetrically 1n relation to a plane
containing a longitudinal axis defined by the main body.

The sealing system, therefore, comprises a protective
device which ensures protection of the sealing element of
the sealing system 1n an optimal way. In particular, the
sealing system, therefore, also has the advantages described
above 1n conjunction with preferred embodiments of pro-
tective devices.

It 1s expedient for the sealing element to be configured to
seal shaits of elongate surgical instruments when inserted
into the body of a human being or an animal, to define a
longitudinal axis and to have an opening which is variable
in diameter and 1s oriented transversely or substantially
transversely to the longitudinal axis and through which a
shaft 1s insertable. In particular, gas can then be prevented
from escaping from a patient’s body when an instrument 1s
inserted into the patient’s body through the trocar sleeve or
1s located therein.

It 1s advantageous for the sealing element to have a
flexible wall closed in ring-shaped configuration, for the
wall to have a first and a second edge, each closed within
itsell, and for the first edge to delimit the opening. In
particular, elongate shaits, preferably with a circular cross
section, can be optimally sealed with such a sealing element.

To enable the protective device to be removed from the
sealing element, when required, 1t 1s expedient for the
protective device to be detachably connectable to the sealing,
clement.

In accordance with a further preferred embodiment of the
invention, it may be provided that a connecting device for
connecting the protective device to the surgical sealing
clement or to the surgical sealing system 1s arranged on the
main body, and that the sealing element comprises connect-
ing members corresponding to the connecting device. When,
for example, the connecting device 1s configured 1n the form
of connecting projections, 1t 1s expedient for the sealing
clement to have connecting receptacles corresponding
thereto.

A trocar system forming a surgical sealing system, des-
ignated in its entirety by reference numeral 10, 1s 1llustrated
schematically in FIGS. 1 to 6. It comprises a trocar sleeve 14
defining a longitudinal axis 12 with a sealing housing 16 and
a shaft 18 extending in the distal direction away from the
sealing housing 16, a sealing assembly 20 arranged in the
sealing housing 16 and optionally an obturator 22, shown
schematically 1n FIG. 6, for separating and opening out body
tissue. Prior to insertion of the trocar sleeve 14 into a
patient’s body, the obturator 22 1s inserted into the trocar
sleeve 14, as shown schematically in FIG. 6, 1 order to
facilitate mnsertion of the trocar sleeve 14 1nto the patient’s
body.

The trocar sleeve 14 defines a receptacle 24 for the sealing
assembly 20 in the interior of the sealing housing 16.
Arranged 1n the area of transition between the sealing
housing 16 and the shaft 18 1s a Luer lock connector 26
projecting transversely from the longitudinal axis 12, by
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means of which a fluid connection can be established 1nto
the interior of the shaft 18. Furthermore, arranged on the
Luer lock connector 26 1s a closing valve 30 which 1s
provided with a swivel lever 28 for actuation.

The sealing assembly 20 comprises two seals, namely a
cross-slot valve 32 held on a retaining ring 34 coupled to a
sealing element retainer 44, and a sealing element 36 having
a substantially circular insertion opeming 38 at 1ts distal end.
A proximal end, in the form of a flange 40, of the sealing
clement 36 1s held 1n a clamping manner between an edge
surface 42 of the sealing element retainer 44 facing 1n the
proximal direction and a cover 46. The cover 46 has a
circular opening 48 which defines a maximum outer diam-
cter for instrument shafts insertable into the trocar sleeve 14.

After connection with the cross-slot valve 32, insertion of
the sealing element 36 from the proximal end and fixing
thereof by means of the cover 46, the sealing element
retainer 44 1s insertable from the proximal end into the
sealing housing 16 and detachably connectable 1n a latching
manner thereto.

A protective device, designated 1n 1ts entirety by reference
numeral 50, serves to protect the sealing element 36. The
protective device 1s shown schematically mn FIGS. 2A to 2C
in an mitial position which 1t assumes directly after manu-
facture. In particular, the protective device 50 can be pro-
duced 1n one piece from a sterilizable plastic material by
injection molding.

The protective device 50 comprises a main body 52,
which 1s essentially configured 1n the form of a short sleeve
56 defining a longitudinal axis 54. At a ring-shaped edge
surface 58 facing in the distal direction, a plurality of
protective elements 60 are articulatedly connected to the
sleeve 56. In the embodiment shown in the Figures, there are
cight protective elements 60. The protective elements 60 are
configured 1n the form of thin lamellas 62 which have a
thickness which corresponds at the most to a wall thickness
of the sleeve 56. An outer side 64 of the protective elements
60, facing away from the longitudinal axis 54, 1s slightly
convexly curved. A curvature of the outer side 64 preferably
corresponds to a curvature of an outer side 66 of the sleeve
56.

In the initial position directly after manufacture, the
protective elements 60 project 1n the radial direction facing
away from the longitudinal axis 54 over the edge surface 58
facing in the distal direction. It 1s therefore possible for the
protective device 50 to be manufactured in a clean manner
and without any burrs connecting the protective elements 60
to one another by injection molding. All of the protective
clements 60 are of identical construction and are arranged so
as to be uniformly distributed over the circumierence of the
edge surface 38. However, the protective elements 60 are
spaced slightly from one another.

A spacing 68 between first ends 70 of the protective
clements 60, which are connected to the edge surface 58 of
the main body 52, corresponds at least to a wall thickness
thereol, 1.e., to a thickness of the sleeve 56.

The protective elements 60 are all asymmetrically con-
figured 1n relation to a plane 72 containing the longitudinal
axis 54. Each protective element 60 has two edges 74 and 76
extending away from the first end 70, the edge 74 being
convexly curved facing away from the protective element
60, and the edge 76 being concavely curved facing away
from the protective element 60. All of the convexly curved
edges 74 of the protective elements 60 point, 1n the initial
position, towards the concavely curved edges 76 of directly
adjacent protective elements 60. In the 1mitial position, the
protective elements 60 do not overlap, as shown schemati-
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cally m FIGS. 2A to 2C. Furthermore, the edges 74 and 76
ol adjacent protective elements 60 do not touch each other
in the 1nitial position, but are spaced at a distance from each
other which corresponds at least to the size of the spacing 68.

All of the protective elements 60 have a second end 78
which faces away from the main body 352. The second end
78 extends between the edges 74 and 76, which continue via
rounded parts 80 and 82, respectively, into the second end

78. The second end 78 defines an end edge surtace 84 which

faces away from the main body 352. It may be straight-lined
or optionally be slightly convexly curved facing away from
the main body 32, 1.e., have a slightly convexly curved basic

shape.

Furthermore, the end edge surface 84 may optionally
comprise a concavely curved edge section 86 facing away
from the main body 52. In particular, this may extend along
a length of the end edge surface 84 which corresponds

approximately to half of the length between the rounded

parts 80 and 82.

A width 88 of the protective elements 60 parallel to a
plane 90 containing the first ends 70 increases from the first
end 70 of each protective element 60 in the direction towards
the second end 78. FIG. 2C shows schematically the width
88a at the first end 70, and a maximum width 8856, which
may also be referred to as a maximum of the width 88 of the
protective element 60, each protective element having such
a maximum of the width 88 between the first end 70 and the
end edge surface 84. The maximum width 885 of each
protective element 60 1s closer to the second end 78 than to
the first end 70.

The first ends 70 of the protective elements 60 define a
circular arc segment 92 which defines an angular range
corresponding to an angle that 1s slightly smaller than an
cighth of 360° in the embodiment shown 1n FIGS. 2A to 2C.

In an area of transition 94 to the main body 52, the
protective elements 60 are connected thereto 1 an articu-
lated and/or hinge-like manner. Each protective element 60
1s preferably connected to the main body 352 by a kind of film
hinge 96. In particular, the articulated connection of the
protective elements 60 to the main body 32 enables move-
ment of the lamellas 62 from the initial position to a
protective position by swiveling the lamellas 1n the direction
towards the longitudinal axis 54.

FIGS. 3A to 3C show schematically the protective device
50 1n one of many possible protective positions, in which the
protective elements 60 partially overlap. The schematically
illustrated protective position defines a minimal opening 98
of the protective device 30, which 1s formed concentrically
with the longitudinal axis 54, the edge sections 86 of the
lamellas 62 swiveled in the protective position in the direc-
tion towards the longitudinal axis 34 each being oriented
substantially concentrically with the longitudinal axis 54 and
jointly forming the substantially circular opening 98. In this
protective position, the lamellas 62 overlap 1n such a way
that always only two layers of lamellas 62 lie on top of each
other. This can be seen clearly, in particular, 1n FIG. 3C. The
protective elements 60 overlap in such a way that the
concave edges 76 abut on the outer sides 64 of the respective
adjacent protective elements 60, the convex edges 74 on the
iner sides 100 of the respective other adjacent protective
clements 60.

In particular, mstruments with shafts having a maximum
outer diameter corresponding to an mnner diameter of the
sleeve 56 can be inserted through the protective device 50
from the proximal end. When inserting the shafts, the
lamellas 62 are then correspondingly swiveled outwards, but
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still overlap slightly in the described manner so that at least
the rounded parts 82 abut on the outer sides 64 of adjacent
protective elements 60.

To ensure a defined position of the protective device 50
relative to the sealing element 36, the protective device 50
turther comprises a connecting device 102 which has a total
of five flange-like connecting projections 104 which point 1n
the radial direction away from the longitudinal axis 54 and
are spaced from one another 1n the circumierential direction.
They are formed so as to correspond to connecting recep-
tacles 107 1n the area of a bulge-like thickening 106 on an
inner side 108 of the sealing element 36.

Formed on the proximal side of the connecting projec-
tions 104 on the main body 352 i1s a ring-shaped flange 110
closed within itself having a flat ring surface 112 facing in
the proximal direction, and a concavely curved delimiting
surface 114 facing in the distal direction and slightly away
from the longitudinal axis 54. As shown schematically 1n
FIG. 4, the delimiting surface 114 abuts in the assembled
state on a convexly curved ring surtace 116 of the sealing
clement 36. The ring surface 116 1s formed slightly to the
proximal side of the thuickeming 106 and establishes the
transition to a bellows-like protuberance 118, facing away
from the longitudinal axis 54, of a wall 120 of the sealing
clement 36. Furthermore, the cover 1s provided with a ring
surface 122 facing in the distal direction, which abuts on an
end surface 124, facing in the proximal direction, of the
main body 52 when the longitudinal axis 34 of the main
body 52 i1s aligned coaxially with the longitudinal axis 12 of
the sealing system 10.

In a protective position in which the lamellas 62 overlap
to a maximum extent, as shown schematically in FIGS. 3A
to 3C, 1n the undeflected state of the sealing element 36, the
protective device 50 arranged in the sealing system 10 1s
arranged such that the opening 98 1s positioned concentri-
cally with the isertion opening 38 and extends practically
as lar as it. Therefore, 1n 1ts 1mitial position 1 which the
isertion opening 38 1s unexpanded, the sealing element 36
1s optimally protected by the protective device 50.

If a surgical instrument or, as shown schematically in FIG.

6, an obturator 22 1s 1serted from the proximal end through
the opening 48 of the cover 46 and passed through the
sealing element 36 and the cross-slot valve 32, the protective
device 50 essentially prevents the instrument or the obtura-
tor from entering into direct contact with the sealing element
36. Damage to the sealing element 36 can thereby be
practically prevented. During insertion, the instrument slides
along the lamellas 62 and swivels these outwards away from
the longitudinal axis 12. The lamellas 62 abutting with their
outer sides 64 on the inner side 108 of the sealing element
36 take the sealing element 36 along with them and expand
it, and the 1nsertion opening 38 1s also expanded at the same
time.

When the mstrument 1s withdrawn from the sealing
system 10, the prestressed sealing element 36 acts upon the
protective elements 60 and swivels these back again into the
protective position shown schematically in FIGS. 4 and 5, in
which the insertion opening 38 1s unexpanded or substan-
tially unexpanded.

What 1s claimed 1s:

1. A surgical protective device for a surgical sealing
clement of a surgical sealing system comprising a trocar
sleeve, the surgical sealing element having an expandable
isertion opening, said protective device comprising:
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a ring-shaped or substantially ring-shaped main body

adapted to be arranged on the trocar sleeve, on a part of

the trocar sleeve, or on the sealing element and defiming
a through-opening, and

a plurality of protective elements arranged on the main
body 1n a circumierential direction and extending par-
allel to or pointing towards a longitudinal axis of the
protective device,

wherein:

cach of the protective elements 1s configured asymmetri-
cally 1n relation to a plane containing a longitudinal
axis defined by the main body,
the protective device 1s of monolithic construction,
the protective elements are separated from each other,
the protective elements each have a first end which 1s
arranged on an edge surface of the main body that faces
in a distal direction with a spacing between the first
ends of adjacent ones of the protective elements at the
edge surface of the main body,
cach of the protective elements has two edges extending,
away from the first end,
one of the two edges 1s convexly curved facing away from
the protective element, and
the other of the two edges 1s concavely curved facing
away from the protective element.
2. The surgical protective device 1n accordance with claim
1, wherein the main body 1s configured substantially in the
form of a ring-shaped sleeve.
3. The surgical protective device 1n accordance with claim
1, wherein the protective elements are slightly convexly
curved 1n a direction facing away from the longitudinal axis.
4. The surgical protective device 1n accordance with claim
1, wherein the first ends of the protective elements at least
one of: (a) define a circular arc segment; and (b) are arranged
concentrically with the longitudinal axis.
5. The surgical protective device 1n accordance with claim
1, wherein the spacing between the first ends of the adjacent
protective elements corresponds at least to at least one of a
thickness of the protective elements and a thickness of the
main body.
6. The surgical protective device i accordance with claim
1, wherein 1n an imitial position after manufacture, the
protective elements project 1n a radial direction facing away
from the longitudinal axis over the edge surface facing in the
distal direction.
7. The surgical protective device 1 accordance with claim
1, wherein the protective elements comprise lamellas having
a thickness corresponding at the most to a thickness of a
sleeve defining the main body.
8. The surgical protective device 1n accordance with claim
1, whereimn all of the protective elements are identically
constructed.
9. The surgical protective device 1n accordance with claim
1, wherein the protective elements have a second end facing
away from the main body.
10. The surgical protective device i accordance with
claim 9, wherein:
the second end at least one of: (a) extends between the two
edges extending away from the first end; and (b)
defines an end edge surface essentially having a slightly
convexly curved basic shape facing away from the
main body, and
the end edge surface has a concavely curved edge section
facing away from the main body.
11. The surgical protective device in accordance with
claim 10, wherein:
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adjacent protective elements overlap partially 1n a pro-
tective position, and

the protective elements point 1n a direction towards the
longitudinal axis in the protective position.

12. The surgical protective device in accordance with

claim 11, wherein:

the protective elements, in the protective position, define
at least one of: (a) a joint maximum inner diameter
corresponding to an mner diameter of the main body;
and (b) a minimal mner diameter when the protective
clements partially overlap to a maximum extent, and

the concavely curved edge sections of the end edge
surfaces are aligned concentrically or substantially con-
centrically with the longitudinal axis.

13. The surgical protective device in accordance with
claim 11, wherein the protective elements, 1n the protective
position, 1rrespective of which inner diameter they define
with their second ends, only overlap to such an extent that
solely adjacent protective elements lie on top of each other.

14. The surgical protective device in accordance with
claim 1, wherein the protective elements are connected in an
area of transition 1n at least one of an articulated and a
hinge-like manner to the main body.

15. The surgical protective device in accordance with
claim 1, wherein the protective elements and the main body
are connected to one another by a film hinge.

16. The surgical protective device in accordance with
claim 1, further comprising a connecting device arranged on
the main body for connecting the protective device to the
surgical sealing element or to the surgical sealing system.

17. The surgical protective device in accordance with
claim 1, wherein at least one of:

the protective elements have a constant thickness along
their extent,

the protective elements are of inherently flexible construc-
tion,

the protective device 1s produced from a sterilizable
material, and

the protective device 1s produced from a plastic matenal.

18. A surgical sealing system, comprising;:

a trocar sleeve,

a surgical seal held on the trocar sleeve or on a part of the
trocar sleeve and having an expandable insertion open-
ing, for sealing the msertion opening upon insertion of
a surgical imstrument, and

a surgical protective device for the seal, comprising:

a ring-shaped or substantially ring-shaped main body
adapted to be arranged on the trocar sleeve, on a part
of the trocar sleeve, or on the seal and defining a
through-opening, and

a plurality of protective elements arranged on the main
body 1 a circumierential direction and extending
parallel to or pointing towards a longitudinal axis of
the protective device,

wherein:
cach of the protective elements 1s configured asym-

metrically in relation to a plane contaiming a longi-
tudinal axis defined by the main body

the protective elements are separated from each other,

the protective elements each have a first end which 1s

arranged on an edge surface of the main body that
faces 1n a distal direction with a spacing between the
first ends of adjacent ones of the protective elements
at the edge surface of the main body,
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cach of the protective elements has two edges extend-
ing away from the first end, one of the two edges 1s

convexly curved facing away from the protective
element, and

the other of the two edges 1s concavely curved facing
away from the protective element.

19. A surgical sealing system for a trocar sleeve, com-

prising;:

a surgical seal having an expandable insertion opening,
for sealing the insertion opening upon insertion of a
surgical instrument into the trocar sleeve, and

a surgical protective device for the seal, comprising:

a ring-shaped or substantially ring-shaped main body
arranged on the seal and defining a through-opening,
and

a plurality of protective elements arranged on the main
body in a circumierential direction and extending
parallel to or pointing towards a longitudinal axis of
the protective device,
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wherein:

cach of the protective elements 1s configured asym-
metrically in relation to a plane contaiming a longi-
tudinal axis defined by the main body,

the protective elements are separated from each other,

the protective elements each have a first end which 1s
arranged on an edge surface of the main body that
faces 1n a distal direction with a spacing between the
first ends of adjacent ones of the protective elements
at the edge surface of the main body,

cach of the protective elements has two edges extend-
ing away from the first end, one of the two edges 1s
convexly curved facing away from the protective
element, and

the other of the two edges 1s concavely curved facing
away Irom the protective element.
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